SUMMARY Three patients with dominant anterior cerebral artery territory infarction demonstrated a severe disturbance of upper limb motor control with impaired bimanual coordination, the "alien hand" sign, and intermanual conflict, in addition to signs of callosal interruption and a transcortical motor aphasia. Recordings of movement-related potentials in one patient showed an attenuated Bereitschaftspotential and a greater asymmetry of the NS' component of the premotor negativity with left finger than with right finger movement. The impairment of bimanual motor control and associated abnormal motor behaviour of the right hand in these cases are postulated to be due to involvement of the supplementary motor area and related areas of the medial frontal cortex.
The anterior cerebral artery supplies the rostral sensorimotor cortex and the anterior two-thirds of the corpus callosum by way of its calloso-marginal and pericallosal branches. Proximal occlusion of the anterior cerebral artery may not only damage the motor cortex, resulting in weakness of the contralateral limbs, but may also produce a number of other abnormal motor phenomena. These include compulsive movements of a reflex nature, described as forced grasping and groping, and a grasp reflex.1 Abnormal motor behaviour of a more complex and semipurposive nature may also occur in the contralateral upper limb and has been described as the alien hand 2 3 sign. In extreme cases, where one hand acts at cross-purposes to the other, the term intermanual conflict has been used to describe this behaviour. Anterior cerebral artery occlusion may also disrupt interhemispheric connections. If the dominant artery is occluded the non-dominant hemisphere is disconnected from centres concerned with the organisation of speech and skilled motor activity in the dominant hemisphere resulting in agraphia and apraxia in the ipsilateral upper limb.4 " The combination of these effects produces a unique and disabling disturbance of upper limb motor control.
We describe three patients with infarction in the dominant anterior cerebral artery territory who demonstrated the alien hand sign and intermanual conflict as well as marked impairment of bimanual coordination as part of their neurological syndrome. It is postulated that these abnormalities of motor behaviour resulted from damage to the supplementary motor area and related areas in the medial frontal cortex.
Case reports
Case I A 75 year old dextral woman was admitted to a rehabilitation hospital 6 weeks after the sudden onset of a dense right hemiplegia and mutism. Her initial illness had been complicated by urinary and bowel frequency, urgency and incontinence. A past history of treated hypertension of 10 years, and a transient episode of right hand paraesthesiae 12 months prior to presentation was elicited.
On "Alien hand" and loss of bimanual coordination after dominant anterior cerebral artery territory infarctionz 219 a mild left ideomotor dyspraxia was also evident with more complex tasks. Bimanual coordination was markedly impaired; for example she was unable to use simultaneously a knife and fork when eating, or to do up buttons when dressing. A number of other abnormal motor phenomena were also noted. On the left side, semi-coordinated movements of the hand or arm would occur whilst speaking or if she was distracted by other tasks. On the right side, a tonic palmar grasp reflex was present, and initially this hand showed an uncontrollable tendency to reach out and take hold of objects and then be unable to release them. The patient would repeatedly express astonishment at these actions. At times the right hand interfered with tasks being performed by the left hand, and she attempted to restrain it by wedging it between her legs or by holding or slapping it with the left hand. Attempts to execute regular repetitive self-paced flexion-extension movements of individual fingers of the right hand resulted in errors of timing and sequencing which were not seen in the left hand.
A cranial CT scan showed extensive infarction of the left superior and medial frontal and parietal cortex and of the genu and body of the corpus callosum ( fig 1) . 15 -17 The lesions responsible for the alien hand and other abnormal motor phenomena have not been well localised. Brion and Jedynak2 introduced the concept of the alien hand (la main etrangere) to draw attention to the uncooperative behaviour of the left hand in three patients with tumours of the corpus callosum. Similar phenomena have been described in patients with other lesions of the corpus callosum and for the first few weeks after commissurotomy in epileptic patients.3 18 In contrast to patients with callosal lesions in whom the alien hand and conflicting hand in bimanual tasks was the left hand, in the present cases and in the two cases described by Goldberg et all9 with left medial frontal cortex infarction, the right hand displayed these abnormalities. We believe, as did Goldberg et al,'9 that these abnormal forms of motor behaviour are the result of damage to the medial frontal cortex, which includes the SMA, rather than to callosal interruption which is the basis for the apraxia of the left hand and agraphia.4 5 There is now considerable evidence implicating the SMA, which lies upstream from the primary motor cortex, in the planning and programming of coordinated motor tasks.202' Penfield and Jasper22 showed that stimulation of the SMA in man evoked complex "Alien hand" and loss of bimanual coordination after dominant anterior cerebral artery territory infarction 221 movements of the contralateral upper limb and at times arrest or slowing of movement, as well as vocalisation or speech arrest. Stimulation of the anterior cingulate cortex, which is reciprocally interconnected with the SMA, has also been shown to produce highly integrated forms of motor behaviour. 23 Regional cerebral blood flow studies in normal subjects performing a sequence of finger movements with one hand showed an increase in blood flow in the SMA bilaterally, even when the subject imagined the unilateral movement sequence without actually making any movement.24 Single cell recordings in primates have also shown a relationship between bilateral SMA unit activity and the performance of unilateral learned motor tasks. 25 Lesions of the dominant SMA in man have been reported to cause mutism, transcortical motor aphasia, forced grasping, groping and a grasp reflex, reduced spontaneous motor activity and impaired bimanual coordination.'5 1626-28 Unilateral SMA ablation in monkeys results in a long-lasting deficit in the execution of precision movements of the two hands and marked impairment of the cooperative use of the hands in bimanual tasks,29 deficits which are remarkably similar to those observed in the present cases. The alien hand sign and associated abnormal motor behaviour, and the speech disturbance in these cases, may therefore be an expression of impaired programming, execution or inhibition of normal motor subroutines as a result of damage to the SMA or interconnected areas of the dominant medial frontal cortex.
The virtual absence of the Bereitschaftspotential before finger movement in Case 1 is of interest, in view of the postulated origin of this potential from the SMA by some workers.30 31 If the Bereitschaftspotential does indeed arise from the SMAs, both of which are active during unilateral voluntary movement, it should be attenuated following a destructive lesion of one SMA. However, the significance of this finding in Case I is uncertain as, in our experience, it is not always possible to record the potential even in normal subjects and even under optimal recording conditions. Of interest also was the different distribution of the NS' potential with right and left-sided finger movement in this case. This potential is believed to represent activation of pyramidal neurons and is normally distributed bilaterally with a maximal slope contralateral to the side of the movement. 7 11 In contrast to normal subjects in whom there is greater asymmetry of NS' for dominant hand movements and a more symmetric distribution with bilateral simultaneous hand movement,32 in Case I there was a greater bilateral distribution of this potential with right finger movements. It is possible that this difference was due to simultaneous activation of motor centres in both hemispheres because of the difficulty the patient had in making individual finger movements with the right hand without simultaneously activating the left hand.
